In diagnostic mycology, Candida albicans is frequently encountered in cultures of sputum (1, 2, 6, 13) and it has been found that specimens which are only barely positive on direct examination may contain as many as 103 yeast cells per ml (8) . The failure to isolate Histoplasma capsulatum from sputum of patients has been commented upon in several publications (3, 5, 12) . In a survey of 130 publications dealing with the primary isolation of H. capsulatum between 1934 and 1966, it was found that in 57% of these Sabouraud's agar was used as a medium of primary isolation. The inhibition of H. capsulatum by C. albicans on Sabouraud's agar was reported previously (J. Burns and H. W. Larsh, Bacteriol. Proc., p. 66, 1962) and has also been observed repeatedly in our laboratory.
Since marked acidity is produced by yeasts in glucose-rich media (7, 17, 18) , the development of acidity by yeasts in Sabouraud Dextrose Agar was investigated in the present study as a factor 1 Present address: American Hospital Supply Corp., Evanston, Ill. in the inhibition of Histoplasma, a fungus which requires an initial pH of 6.3 to 8.1 for optimal growth from yeast-phase inoculum (16) . Preliminary results of this investigation were reported previously (L. Kapica Heart Infusion Agar (Difco) to which 5% (v:v) sheep blood was added, and Brain Heart Infusionblood-agar, as above, to which 1 % (w/v) glucose was added. Ingredients per liter of other media prepared were as follows: beef extract-agar (beef extract, 3 g; Neopeptone, 10 g; cerelose, 10 g; sodium chloride, 5 g; agar, 20 g); McGill nutrient blood-agar (beef heart, defatted, infusion from 454 g; proteose peptone, 10 g; sodium chloride, 2.5 g; potassium chloride, 0.2 g; calcium chloride, 0.1 g; agar, 15 g; human blood, 50 ml); Neopeptone (Difco)-maltose-or -glucose-agar (Neopeptone, 10 g; maltose or glucose, 40 g; agar, 20 g; autoclaved 50%o maltose solution or filter-2171 on July 13, 2017 by guest http://jb.asm.org/ Downloaded from sterilized 50% glucose solution added to a separately autoclaved Neopeptone-agar solution).
The final pH of all media except Sabouraud Dextrose Agar (pH 5.6) was pH 7.0 i 0.5. Sterile media were cooled to 50 C and dispensed in 20-mi volumes into 250-ml Erlenmeyer flasks; they were used within 24 to 48 hr. All flasks were plugged with cotton wool.
Buffered Sabouraud Dextrose Agar and Sabouraud's agar modified were prepared by using 0. Mixed populations were prepared by combining equal volumes of double-strength saline suspensions of the two organisms just prior to mixing with the agar. All tests were set up in triplicate. After 1 to 2 hr on the bench, the flasks were placed in a 25-C incubator for a standard 4-week incubation. The cultures were examined once a week.
In some experiments, mycelial-phase inoculum of H. capsulatum was required. This was prepared by placing sterile analytical filter paper rings (outside diameter, 2 cm; inside diameter, 1 cm), manufactured by Carl Schleicher & Schuell Co., Keene, N.H., on plates of Neopeptone-glucose-agar. The rings adhered well to the surface moisture of the agar. The plates were then flooded with a double volume of standard yeast-phase inoculum and were incubated for 3 days at 25 C. The rings were then transferred with sterile forceps, without damage, to the test media and placed with the surface bearing inoculum in an upright position.
Determination ofpH in agar media. Since agar pH cannot be measured with electrodes, bromocresol purple (pH 6.8 to 5.2), bromocresol green (pH 5.4 to 3.8), and bromophenol blue (pH 4.5 to 3.0) were used. All three were nontoxic for Candida, but only bromocresol purple was nontoxic for Histoplasma. pH determinations were made by incorporating indicator in the medium at a final concentration of 0.002% or by spotting the agar with drops of 0.04% solutions of indicator. The color of the spots was read against similarly made spots on standards. (Standards were prepared by acidifying lots of Neopeptone-glucoseagar to 12 pH levels between pH 3.0 and 6.5 and distributing the agar in 20-ml portions to flasks in the routine manner.) Standards were used because colors obtained at a given pH did not correspond precisely with those quoted by the Merck Index, probably because of the organic nature of the medium. Shades of colors read consistently by the same person differed sufficiently to allow, in most cases, the determination ofpH differences of as little as 0.25 of a unit.
RESULTS
Lower limits of inhibition. Sabouraud Dextrose Agar was inoculated with mixed inocula containing the standard density of Histoplasma and decreasing densities of Candida ( When increasingly heavy inocula of Histoplasma were tested against the lowest inhibitory numbers of C. albicans on Sabouraud Dextrose Agar, it was found that 10 scattered colonies of the yeast were completely inhibitory to about 50,000 (heaviest inoculum tested) potential colonies of Histoplasma.
It was observed that the nature of the inhibition was fungistatic rather than fungicidal. When agar blocks, apparently free of growth, were lifted after 2 weeks of incubation from among the Candida colonies and squashed on fresh slopes of Sabouraud Dextrose Agar, growth of Histoplasma appeared within a few days. pH changes in cultures of C. albicans on Neopeptone-glucose-agar. In preliminary tests, Sabouraud Dextrose Agar, in which bromocresol purple indicator had been incorporated, was inoculated with pure and mixed populations of the two organisms. Since the pH of this medium was 5.6, the initial color of the medium was green. In all Candida-carrying units, yellow zones appeared around each colony of yeast 2 to 3 days after inoculation. These zones enlarged visibly at 5 days, and at 7 days the whole medium was yellow. In pure cultures of Histoplasma, the medium turned purple when growth appeared in about 10 to 14 days, indicating a rise in the pH.
Acid production by the yeasts was demonstrated by the dissolution of CaCO3 ( Fig. 1;  11) . The buffering action of the carbonate visibly restricted the spread of acidity to narrow zones around the colonies. Whenever groups of colonies occurred, the zones coalesced to form transparent pools.
pH changes produced by C. albicans over a 4-week period in Neopeptone-glucose-agar medium are presented in Fig. 2 (Fig. 2, broken line) . The lowest point of this curve (pH 3.5) occurred at about the 10th day of incubation. After that, the curve rose sharply to the original level of pH 6.5.
Growth of Histoplasma on Neopeptone-glucoseagar at acid pH. Since the drop of pH in Neopeptone-glucose-agar had a lag phase of about 3 days or a period sufficiently long to allow a reversion of the yeast phase to mycelial phase, the effect of pH on a 3-day-old mycelial phase was determined. Flasks of Neopeptone-glucoseagar, adjusted to seven pH levels from 3.0 to 6.5, were inoculated with rings of 3-day-old mycelial-phase inoculum in one series and with the standard yeast-phase inoculum in another series. Table 2 shows the detrimental effect of pH 4.5 on growth from yeast-phase inoculum; at pH 4 The buffers reduced the duration of the acid phase in all cultures carrying the yeast, i.e., the media turned yellow later than under unbuffered conditions and became alkaline before the end of the experimental 4-week incubation, sooner in Sabouraud's agar modified than in Sabouraud Dextrose Agar. The carbonate buffer controlled the acidity more effectively than the phosphates; the opacity in these media disappeared almost completely in Sabouraud Dextrose Agar and in about 25% in Sabouraud's agar modified.
In mixed cultures, the buffers were only partially successful in counteracting the inhibition, the effect varying with the buffers and the media used. The phosphates failed completely in Sabouraud Dextrose Agar, i.e., no growth of Histoplasma appeared; in Sabouraud's agar modified, some growth which was atypical and nonaerial appeared at the end of the 3rd week of incubation. Both carbonate-buffered media produced growth of Histoplasma, a little more abundantly in Sabouraud's agar modified than in Sabouraud Dextrose Agar; this growth was also atypical. In pure cultures, both buffers affected adversely the growth of Histoplasma in quantity, quality, and time of appearance. The carbonate buffer did not affect Candida, but the phosphates did; the colonies appeared late and remained very small for about one week. This growth improved during the 3rd week and was normal at the end of the 4th week.
Inhibition on Neopeptone-maltose-agar. In pure populations, typical growth of Histoplasma appeared 3 days earlier and was more vigorous than on Sabouraud Dextrose Agar. Colonies of Candida were slow to appear both in pure and mixed populations. In mixed populations, pinpoint filamentous colonies of Histoplasma comparable to those in pure populations appeared in as little as 6 to 7 days over the entire agar, regardless of the presence of Candida. However, this growth failed to develop further and, at 28 days, close examination was still required to detect its presence on the medium. A further incubation period of 3 weeks showed no change. When a pH curve analogous to those in Fig. 2 was constructed, it was found that, in this medium, C. albicans produced a drop in pH which was delayed by 2 to 3 days, as compared to that produced in Sabouraud Dextrose Agar. After 7 days of incubation, however, the maltose medium became and remained as acid as the 4% glucose medium.
Inhibition by other strains of C. albicans and other species of yeasts. Six other strains of C. albicans were paired against six other strains of H. capsulatum on Sabouraud Dextrose Agar, and total inhibition was observed in every case. Bromocresol purple included in the medium indicated a pH below 5.2 over the 4-week' incubation period. Four other species of yeasts, C. tropicalis, C. parapsilosis, S. cerevisiae, and Cryptococcus neoformans, tested against H. capsulatum 649 on Sabouraud Dextrose Agar, also produced total inhibition. The yeast population varied from 21 to 62 colonies per flask. Bromocresol purple, included in the medium, indicated a pH below 5.2 in all cases except in cultures of C. parapsilosis, which became alkaline in the last days of incubation. Some yeasts were found (C. curvata, C. brumptli, and C. catenulata) which allowed stunted and atypical growth of Histoplasma to appear on Neopeptone-glucose (2%)-agar. Bromocresol purple indicator, incorporated in the medium, showed that the pH drop produced by these species was less severe than that produced by species which caused complete inhibition. Although the agar turned yellow in cultures of C. brumptii and C. catenulata, purple patches were left at the end of the 4th week; in the case of C. curvata, the agar did not turn yellow but remained green to yellow-green.
Growth of Histoplasma in the presence of C. albicans on other media. Sabouraud Dextrose Agar and Sabouraud's agar modified served as control media and exhibited the usual inhibition. (These cultures were kept for another 4 weeks at 25 C. Toward the end of that period, i.e., after 8 weeks of incubation, a small amount of growth of Histoplasma appeared among the Candida colonies on Sabouraud's agar modified but not on Sabouraud Dextrose Agar.) Mycosel Agar and beef extract-agar produced partially inhibited growth of Histoplasma which appeared late and was obviously reduced in quantity. On about the 10th day, the three blood-containing media produced a heavy but atypical growth of Histoplasma with very poorly developed aerial mycelium. Characteristically, the colonies appeared over the entire agar surface without any evidence of inhibition, and even grew underneath Candida colonies. DIscussioN
The difficulty in obtaining growth of H. capsulatum in the presence of C. albicans and other yeasts on the two commercial brands of Sabouraud's agar appears to be centered around the production by the yeast of an acid pH in the medium. The acid pH alone is strongly inhibitory to Histoplasma. This would agree with results by Garrison (4) , who found that the oxidation of glucose by the yeast phase of H. capsulatum had a definite pH optimum of 7.0, whereas hydrogen ion concentrations below pH 4 were inhibitory for both endogenous respiration and glucose oxidation. Since the severity of the inhibition is directly related to the glucose concentration of the medium, detoxification of the medium presumably takes place once the sugar supply of the medium becomes exhausted, and subsequent utilization of organic acids begins. Thus 
